Algorithmic modifications to the durational structure of speech designed to avoid intervals of intense masking lead to increases in intelligibility, but the basis for such gains is not clear. The current study addressed the possibility that the reduced information load produced by speech rate slowing might explain some or all of the benefits of durational modifications. The study also investigated the influence of masker stationarity on the effectiveness of durational changes.
I. INTRODUCTION
more intelligible than unmodified plain speech [17, 26, 35, 37, 43] . While acoustic changes 23 to features such as intensity, spectral tilt and prosody are present in altered speech styles 24 and may play a role in increased intelligibility, it is natural to consider whether durational 25 changes contribute to the improvement. Durational manipulations can be expected to be 26 particularly effective in the presence of fluctuating maskers where the opportunity arises to 27 shift phonetic information in time to regions where the masking source is less intense.
28
Approaches employing durational modifications are less common than those exploiting 29 spectro-temporal energy reallocation. Of the 14 natural speech modification approaches 30 submitted to the aforementioned Hurricane Challenge [14] , only three involved significant 31 One goal of the current study was to determine whether a slower speech rate per se con-48 tributes to the intelligibility increases observed in durationally-modified speech. Keyword 49 scores in utterances that had been linearly-elongated were compared with those for utter- 50 ances whose duration was locally-modified in a way designed to minimise energetic masking.
51
If a reduced information rate is responsible for intelligibility gains of durationally-modified 52 speech, we predict that such gains would be observed in linearly-elongated speech, since 53 durational modifications in this case are independent from masker fluctuations.
54
The current study also addressed the issue of whether the intelligibility of durationally-55 modified speech is affected by the properties of the masker. Utterances were presented in sta- 
67
GCRetime is a general-purpose algorithm that takes a pair of acoustic signals and outputs The GCRetime local distance function D(i, j) is defined on a grid of points i, j corre- tance function is composed of two components quantifying (1) the masked audibility of the 84 speech signal in frame i in the presence of the masker at frame j, and (2) the informa-85 tiveness of the speech signal in the vicinity of frame i. The first of these components is 86 operationalised using the glimpse proportion [12] , while the second makes use of cochlear-87 scaled entropy [CSE; 44]; together these components are reflected in the name 'GCRetime'.
88

FIG.
1. An illustration of sentence retiming in the face of a competing speech masker. The grayscale image depicts the value of the local cost function (Eq. A1) for all possible pairs of frames of the target and masker. The solid line shows the minimum cost retiming path using the glimpse proportion (GP) and cochlear-scaled entropy (CSE) components while the dotted line shows the path for the GP component alone. The red curve indicates the value of the CSE weighting defined by Eq. A3; the pink vertical line in the left panel indicates the value of the threshold used to select high-CSE regions (see Appendix All speech and masker materials were sampled at 16 kHz.
120
The average plain sentence duration was 2.34 s (s.d. 0.29 s). To allow for overall elon- conditions was set to −6.5 dB, a value which led to a 50% keyword score for the male talker 
F. Results
170
Keyword scores for the plain speech condition were 46.1%, 37.8% and 51.6% for the CS,
171
SMN and SSN maskers respectively. 
177
Retimed speech produced a larger spread of differences over the plain baseline across 178 the three maskers. In stationary noise, retiming was highly detrimental to intelligibility, 179 producing a loss of 14.9 p.p. compared to unmodified speech. For the modulated noise 180 masker (SMN) the gain of 10.3 p.p. was similar to that seen for the elongated condition. Raw speech materials, maskers and SNRs were the same as those used in Experiment 1.
234
The elongated condition was not tested. Instead, listeners heard utterances in unmodified 235 plain form and in two distinct retiming conditions. In one retiming condition (cs retimed) 236 the durational modifications were based on GCRetime using a CS masker, while in the other 237 retiming condition (smn retimed) the modifications results from the counterpart SMN 238 masker. In this way, listeners heard sentences retimed by a matched or unmatched masker.
239
The nine experimental conditions (3 modifications x 3 maskers) were presented to listeners 240 using the blocking and balancing procedure of Experiment 1 as described in Sec. II D. 
C. Results
248
Mean keywords correct scores for the plain speech condition were 49.6%, 42.5% and Regions of a target speech utterance of the phrase "Llene el frasco de cristal con cola densa" which are deemed to escape energetic masking according to a glimpsing model [12] , for plain and elongated speech in the presence of a stationary masker (top two panels) and a fluctuating masker (lower two panels). A broad phoneme-level transcription is provided in each case.
in the elongated condition reduced the average speech rate to 4.4 vowels/s, increasing the have demonstrated sensitivity to differences in speech interruption rate and speech modula-314 tion rate. Further studies controlling for speech rate differences are needed to rule out their 315 possible contribution to the observed gains in the current study. However, since gains were 316 also observed for the non-speech masker, it appears necessary to invoke a more generalised 317 notion of temporal modulation rate differences that go beyond speech-on-speech informa- in English plosives in plain and Lombard speech, finding a reduced contrast in the latter case.
338
The benefits of retiming in fluctuating maskers presumably reflect a net effect of masking 339 release and durational distortion, suggesting that even larger benefits in noise are realisable 340 if the phonological impact of durational modifications can be minimised.
341
Distortions to the target speech might also have contributed to the observed differences gains due to retiming outweigh losses due to mistiming of phonological features.
352
The outcome of the current study points to the potential of durational changes as a 353 mechanism for improving intelligibility in noise, but also highlights the need to take the 
Glimpse proportion
399
The glimpse proportion is intended to reflect the local audibility of speech in noise and is 400 defined as the percentage of spectral regions where the modelled auditory excitation pattern 401 for the target speech exceeds that of the masker:
where F is the number of frequency channels, S f and M f denote the excitation patterns where β is a threshold used to identify high-CSE regions, and w defines the degree of boosting 421 of the CSE value. Here, values of β = 0.6 and w = 3 were used. 
